Chemical context
The discovery of cisplatin antineoplastic activity was a notable event in medicinal chemistry history, opening new alternatives and routes on the use of metal-based drugs and their structure-activity relationships in cancer chemotherapy. However, its remarkable success (Galanski et al., 2005; Sandler et al., 2011) came at the high cost of undesired detrimental side effects (neurotoxicity, nephrotoxicity, etc; Pabla & Dong, 2008) . In this context, our research group has been working on other transition metals (e.g., titanium, iron, vanadium and tungsten, among others) with promising results for chemotherapeutic applications (Domínguez-García et al., 2013; Ramos et al., 2014; Vera et al., 2014) . Recently, particular attention has been focused on the antineoplastic activity of ferrocene complexes (Richard et al., 2015) due to their desired physical and chemical properties such as aqueous stability and high synthetic homology to benzene chemistry, with the advantage that they exhibit fewer toxic side effects than cisplatin. Our group has been working on the synthesis and application of ferrocene complexes coupled to hormones in order to develop new metal-based therapeutic drugs with high selective index for hormone-dependent-breast-cancer treatment (Vera et al., 2011 . In connection with the relationship between structure and the activity against hormonedependent breast cancer, we intend to explore the functionalization of estrogens at C16 position with ferrocene using ISSN 2056-9890 estrone (1) as starting material, due to the versatility which, for synthetic transformations, provides the carbonyl group over other estrogens not containing a carbonyl group. In this context, we present herein the synthesis and crystal structure of 16-ferrocenylmethyl-3-hydroxyestra-1,3,5(10)-trien-17-one dimethyl sulfoxide monosolvate (2) and compare it with the structure of estrogen (1) and 16-ethoxymethylestrone (3) (Allan et al., 2006) .
Structural commentary
The ferrocenylmethyl group of 2 is positioned at the beta face of the estrone moiety (Fig. 1) . As a result, a new stereogenic center was formed after substitution at position 16 (C16) of estrone with a ferrocenylmethyl group. This C16 atom has an R stereochemical configuration. Table 1 contains the most relevant bond lengths and angles. The carbonyl bond (C17 O2) of the hormone moiety of 2 is 1.216 (5) Å , which is very similar to in estrogen and 16-ethoxymethylestrone [1.215 (2) and 1.219 (2) Å , respectively], corresponding to a carbon-oxygen double (C O) bond. However, the substitution at C16 of the steroid in 2 and 3, ferrocenylmethyl and ethoxymethyl groups, respectively, makes torsion angles and bond angles at the 16-position slightly different. Both substituents are located on the beta face but, the torsion angle (between C19 and carbonyl group) defined as C19-C16-C17-O2 in 2 is smaller than in 3 (between the carbonyl and the methoxy groups), 44.1 (5) and 49.7 (2) , respectively. The ferrocene moiety is positioned at 112.6 (3) from C16 (/C20-C19-C16) while the ethoxymethyl group is at 108.4 (1) (/C16-C1-O3). The average Fe-C bond length of the substituted Cp ring [Fe-C(Cp*] is similar to the unsubstituted one, 2.048 (3) vs 2.040 (12) Å (McAdam et al., 2015) . We might expect that the substitution on the Cp ring with a electron-donating methyl group could enhance the Fe-C(Cp*) bonding, but such an effect is not observed. It is not clear if this is a steric rather than an electronic effect. It is worth mentioning the steroselectivity of this reaction showed the beta steroisomer but it is also the position of the ethoxymethyl group on ethoxymethylestrone. We might expect the beta face of the estrone moiety to be more hindered due to the methyl group on C13 which is located in this face but, according to the mechanism of hydrogen addition to a double bond, the addition is favored on the less hindered alpha face and, as a consequence, the ferrocenyl group is positioned on the beta face. The asymmetric unit of 2. Displacement ellipsoids are drawn at the 50% probability level. Bond angles C20-C19-C16 112.6 (3) O3-C1-C16
108.4 (1)
Supramolecular features
In the crystal structure of 2 there is a hydrogen bond involving the hydroxyl group at C3 and the DMSO oxygen (Table 2 , Fig. 2 ). No head-to-tail hydrogen bonding is observed, as is the case in 1 and 3 (Shikii et al., 2004; Allan et al., 2006) . In the latter structures, the hydrogen bonds at the two ends are the driving force for packing. It seems that the ferrocenylmethyl substitution on C16 inhibits the hydrogen bonding at the carbonyl oxygen atom, thus eliminating the head-to-tail hydrogen-bonding network existing in 1 and 3.
Synthesis and crystallization
In a 500 mL Parr bottle, 16-ferrocenylidene-3-hydroxyestra-1,3,5(10)-trien-17-one complex was dissolved in a mixture of tetrahydrofuran (THF) and ethanol (1:1) and Pd/C (10wt%, catalytic). The system was purged three times with H 2 at 40 psi. The reaction mixture was stirred overnight at room temperature under 40 psi of H 2 . The mixture was then filtered through Celite, and the filtrate was evaporated in vacuo, resulting in a yellow solid that was purified by column chromatography using CHCl 3 : ethyl acetate (9:1) as mobile phase, affording 67% of 2 as a yellow solid. Yellow rod-shaped crystals were obtained after dissolving the solid 16-ferrocenylmethyl-3-hydroxyestra-1,3,5(10)-trien-17-one in a solution of CH 2 Cl 2 with a few drops of dimethyl sulfoxide, to assure a concentrate solution, layered in hexane.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . H atoms were positioned in idealized locations: Table 2 Hydrogen-bond geometry (Å , ).
Symmetry code: (i) x þ 1; y; z.
Figure 2
Packing diagram for 2, projected along the b axis. The ferrocene moieties are shown in polyhedral representation for clarity. The O-HÁ Á ÁO hydrogen bonds are highlighted (in cyan dashed lines). Computer programs: APEX2 and SAINT (Bruker, 2013) , SHELXT (Sheldrick, 2015a) , SHELXL2014 (Sheldrick, 2015b) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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